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DISTANCE MEASUREMENT 








Three methods of distance measurement are briefly discussed in this chapter. They are 
Direct method using a tape or wire 
Tacheometric method or optical method 


EDM (Electromagnetic Distance Measuring equipment) method. 


2.1 DIRECT METHOD USING A TAPE 


In this method, steel tapes or wires are used to measure distance very accurately. Nowadays, EDM 
is being used exclusively for accurate measurements but the steel tape still is of value for measuring 
limited lengths for setting out purposes. 


Tape measurements require certain corrections to be applied to the measured distance depending 
upon the conditions under which the measurements have been made. These corrections are discussed 
below. 


Correction for Absolute Length 


Due to manufacturing defects the absolute length of the tape may be different from its designated 
œ nominal length. Also with use the tape may stretch causing change in the length and it is 
imperative that the tape is regularly checked under standard conditions to determine its absolute 
length. The correction for absolute length or standardization is given by 


E 
Ca ae ...(2.1) 


where 
c = the correction per tape length, 
l = the designated or nominal length of the tape, and 
L= the measured length of the line. 


If the absolute length is more than the nominal length the sign of the correction is positive and vice 
versa. 


Correction for Temperature 


If the tape is used at a field temperature different from the standardization temperature then the 
temperature correction to the measured length is 


Cp = A(t -to DL (2.2) 
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where 
a = the coefficient of thermal expansion of the tape material, 
tn = the mean field temperature, and 


tọ = the standardization temperature. 
The sign of the correction takes the sign of (,, —ty). 


Correction for Pull or Tension 
If the pull applied to the tape in the field is different from the standardization pull, the pull correction 
is to be applied to the measured length. This correction is 


(P-P,) 
Cp Fa ...(2.3) 


where 
P = the pull applied during the measurement, 
P) = the standardization pull, 
A = the area of cross-section of the tape, and 
E = the Young’s modulus for the tape material. 


The sign of the correction is same as that of (P—P,). 


Correction for Sag 


For very accurate measurements the tape can be allowed to hang in catenary between two supports 
(Fig. 2.1a). In the case of long tape, intermediate supports as shown in Fig. 2.1b, can be used to 
reduce the magnitude of correction. 


Intermediate support 
End support 





\<——___ Chord Length —____y 





Catenary 
(a) (b) 
Fig. 2.1 


The tape hanging between two supports, free of ground, sags under its own weight, with 
maximum dip occurring at the middle of the tape. This necessitates a correction for sag if the tape 
has been standardized on the flat, to reduce the curved length to the chord length. The correction 


for the sag is 
2 
1/W 
en pg «(24 

i vies A 


where 


W = the weight of the tape per span length. 
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The sign of this correction is always negative. 
If both the ends of the tape are not at the same level, a further correction due to slope is 
required. It is given by 
C = Cg COS Q .(2.5) 
where 
a = the angle of slope between the end supports. 
Correction for Slope 


If the length L is measured on the slope as shown in Fig. 
2.2, it must be reduced to its horizontal equivalent 
L cos 8. The required slope correction is 











C= (1- cos 6)L (exact) ...(2.6) 
h , — ea Fig. 2.2 
T approximate eu. 


where 
0 = the angle of the slope, and 
h = the difference in elevation of the ends of the tape. 
The sign of this correction is always negative. 
Correction for Alignment 


If the intermediate points are not in correct alignment with ends 
of the line, a correction for alignment given below, is applied to 
the measured length (Fig. 2.3). 


d 
Cm ==> (approximate) ...(2.8) 





where 
d = the distance by which the other end of the tape is out of alignment. 
The correction for alignment is always negative. 
Reduction to Mean Sea Level (M.S.L.) 


In the case of long lines in triangulation surveys the relationship between 


Ac Vat 
the length AB measured on the ground and the equivalent length A’B’ ey 
at mean sea level has to be considered (Fig. 2.4). Determination of the 
equivalent mean sea level length of the measured length is known as R 
reduction to mean sea level. 

The reduced length at mean sea level is given by Fig. 2.4 


__R 
(R+H) 





ato) 
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where 
R = the mean earth’s radius (6372 km), and 
H = the average elevation of the line. 


When # is considered small compared to R, the correction to L is given as 


HL 
nt = (approximate) ...(2.10) 


The sign of the correction is always negative. 


The various tape corrections discussed above, are summarized in Table 2.1. 


2.2 ERROR IN PULL CORRECTION DUE TO ERROR IN PULL 


If the nominal applied pull is in error the required correction for pull will be in error. Let the error 
in the nominal applied pull P be + P then the 








1 pull i Pew <1), 211 
t t =" ~ R OA 
actual pull correction AE ( ) 
(P -P 0 ) 
and nominal pull correction = ——~——L Lel L2) 
AE 
Therefore error = actual pull correction — nominal pull correction 
P òP- P, P-P 
_(P£eP-P,), (P-P), 
AE AE 
L 
AE (2.13) 
From Eq. (2.12), we have 
L _ nominal pull correction 
AE PSR 
Therefore from Eq. (2.13), we get 
nominal pull correction 
Error in pull correction = t 7 oP (2.14) 


P= 
From Eq. (2.14), we find that an increase in pull increases the pull correction. 


2.3 ERROR IN SAG CORRECTION DUE TO ERROR IN PULL 


If the applied pull is in error the computed sag correction will be in error. Let the error in pull be 
+ OP then 





h | ion SS 2 
the actual sag correction =-77| G4 sp 
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and nominal sag correction = = Lg L 
24| P 
1(w ) SP)” 
Therefore error =-—|— | L}|14—] -1 
24| P P 
1| W — „ 0P ; 
=—-—|— | L|F2— | neglecting the terms of higher power. 
24| P P 
26P 
= + nominal sag correction Pp 2215) 


Eq. (2.15) shows that an increase in pull correction reduces the sag correction. 
2.4 ELONGATION OF A STEEL TAPE WHEN USED FOR MEASUREMENTS IN A 
VERTICAL SHAFT 


Elongation in a steel tape takes place when transferring the level in a tunnel through a vertical shaft. 
This is required to establish a temporary bench mark so that the construction can be carried 





























Table 2.1 
Correction Sign Formula 
c 
Absolute length (c,) + 7 
Temperature (c,) + atin =to a 
Pull (c,) + G-a, 
ull (c + — | 
ú AE 
2 
ET 1/W F 
ag (c — I 
none 24| P 
Slope (c,) — (1 -cos a)L (exact) 
h? 
Alignment (c,,) — — (approximate) 
2L 
dz 
Mean sea level (c) — —— (approximate) 
i 2L 
HL 
R (approximate) 
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out to correct level as well as to correct line. Levels are carried down from a known datum, may 
be at the side of the excavated shaft at top, using a very long tape hanging vertically and free of 
restrictions to carry out operation in a single stage. In the case when a very long tape is not 
available, the operation is carried out by marking the separate tape lengths in descending order. 


The elongation in the length of the tape AC hanging vertically from a fixed point A due to 
its own weight as shown in Fig. 2.5, can be determined as below. 


Let s = the elongation of the tape, Support 





g = the acceleration due to gravity, ate al 


x = the length of the suspended tape used 


Measured length —> 
for the measurement, E 











(l — x) = the additional length of the tape not required BI, X 
in the measurements, (I-x) 
‘ Free end of 
A = the area of cross-section of the tape, Sees Niy y y 
c 
E = the modulus of elasticity of the tape material, Fig. 2.5 


m = the mass of the tape per unit length, 
M = the attached mass, 

l = the total length of the tape, and 
Po = the standard pull. 


The tension sustained by the vertical tape due to self-loading is maximum at A. The tension 
varies with y considered from free-end of the tape, i.e., it is maximum when y is maximum and, 
therefore, the elongations induced in the small element of length dy, are greater in magnitude in the 
upper regions of the tape than in the lower regions. 


Considering an element dy at y, 
loading on the element dy = mgy 
dy 


and extension over the length dy =mgy AE 


l d 
Therefore, extension over length AB, E, = Jig? ae 


2 l 
= es + constant 
AE 2 |. 


We have E, = 0 when y = 0, therefore the constant = 0. Thus 
mg [> 2 mgx | 21 — x 
E =—2 |P f= a 

; =] (-x)] a | 5 l ...(2.16) 


To ensure verticality of the tape and to minimize the oscillation, a mass M may be attached 
to the lower end A. It will have a uniform effect over the tape in the elongation of the tape. 
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Additional extension due to mass M over length x 


g- 
AE 
If the standard pull is Py, it should be allowed in the same way as the standard pull in the 
pull correction. 


Therefore elongation over length x becomes 





x 


g =" AS] Mex  Fyx 


— AE| 2 AE AE 
gx |m Py 
a8") (Q1 —x)+ M = 
ak ) z] 217) 


2.5 TACHEOMETRIC OR OPTICAL METHOD 


h stadia tacheometry the line of sight of the tacheometer may be kept horizontal or inclined 
depending upon the field conditions. In the case of horizontal line of sight (Fig. 2.6), the horizontal 
distance between the instrument at A and the staff at B is 


D=ks+c ...(2.18) 
where 
k and c = the multiplying and additive constants of the tacheometer, and 
s = the staff intercept, 
= Sr— Sg , where Sy and Sp are the top hair and bottom hair readings, respectively. 


Generally, the value of k and c are kept equal to 100 and 0 (zero), respectively, for making 
the computations simpler. Thus 


D = 100 s (2.19) 


Levelling staff 






Horizontal line of sight 
Tacheometer 





y Datum y 





Fig. 2.6 


The elevations of the points, in this case, are obtained by determining the height of instrument 
and taking the middle hair reading. Let 


h; = the height of the instrument axis above the ground at A, 


hy, hg = the elevations of A and B, and 
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Sy = the middle hair reading 


then the height of instrument is 


H.I. = hy + h; 
and hg = HI. -— Sy 
= h + hi- Sy ...(2.20) 


In the case of inclined line of sight as shown in 
Fig. 2.7, the vertical angle œ is measured, and the horizontal 
and vertical distances, D and V, respectively, are determined Inclined Les of sight 
from the following expressions. 











D = ks cos? æ (2.21) A 
h 
| ee 
V =—kssin2a w232) 
2 A 
š # y Datum Vv 
The elevation of B is computed as below. 
hp= h; +h,+ V-Sy ...(2.23) Fig. 2.7 


2.6 SUBTENSE TACHEOMETRY 


In subtense tacheometry the distance is determined by measuring the horizontal angle subtended by 
the subtense bar targets (Fig. 2.8a) and for heighting, a vertical angle is also measured 
(Fig. 2.8b). 





Let = the length of the subtense bar PQ, 
0 = the horizontal angle subtended by the subtense bar targets P and Q at the 
station A, and 
a = the vertical angle of R at O 
b b 
then D= = — (when 0 is small) ...(2.24) 
0 0 
2 tan — 
2 
V =Dtana evil 220) 
and hp =hyth,+V—h, :. (2.26) 


where h, = the height of the subtense bar above the ground. 


When a vertical bar with two targets is used vertical angles are required to be measured and 
the method is termed as tangential system. 


2.7 EFFECT OF STAFF VERTICALITY 


In Fig. 2.9, the staff is inclined through angle 6 towards the instrument. The staff intercept for the 
inclined staff would be PQ rather than the desired value MN for the vertical staff. 
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Subtense bar 





Inclined line of sight 








Fig. 2.8 


Draw two lines ab and cd perpendicular to the line of sight. Since ab and cd are very close 
to each other, it can be assumed that ab = cd. Moreover, 


ZPBM = 6 
ZMEa = Q 
ZPFo=a4+5 
From AMEa, we have 
aE = ME cosa 
or ab = MN cosa = cd ...(2.27) 


From DPFc, we have 
cF = PF cos (a+ 8) 
or cd = PQcos (a + 8) at 228) 
Equating the values of cd from Eqs. (2.27) and (2.28), we get 
MN cosa = PO cos (a + 5) 


_ PQ cos (a +8) 
cos 0 


or MN ...(2.29) 


The Eq. (2.29) holds for the case when the staff is inclined away from the instrument for 
angle of elevation (œ). 


In Fig. 2.10, the staff is inclined away from the instrument. In this case 
ZPFc = a- 6 


_ PQ cos (a -— 8) 


Therefore, MN 
cos Q 


c (2.30) 
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Inclined staff 
Horizontal— 





Fig. 2.9 Fig. 2.10 


The Eq. (2.30) holds for the case the staff is inclined towards the instrument for the angle 
of elevation (œ). 


2.8 EFFECT OF ERROR IN MEASUREMENT OF HORIZONTAL ANGLE IN 
SUBTENSE TACHEOMETRRY 


From Eq. (2.24), the horizontal distance RO (Fig. 2.8a) is 








b b , 
D= A (when © is small) ...(2.31) 
0 

2 tan — 

dD =- L dé 
0- 

Substituting the value of © from Eq. (2.31), we get 

D? 


The above expression gives the error in D for the given accuracy in 0. The negative sign 
shows that there is decrease in D for increase in 9. 

The relative accuracy or fractional error in linear measurements is given by the following 
expression. 


D 
=E d0 
T G3 


2.9 EFFECT OF SUBTENSE BAR NOT BEING NORMAL TO THE LINE JOINING 
THE INSTRUMENT AND THE SUBTENSE BAR 

Let the subtense bar A’B’ be out from being normal to the line OC by an angle 6 as shown in Fig. 

2.11, 

then 


0 
OC’ = D = A’C cot > 


A’C’ = A’C cos 6 
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= ie 8 
DTA GO 


b (3) 
= cos 6 cot — 
> 7 .. (2.34) 


Therefore error in horizontal distance D = D — D’ 











b 0 b 0 
= — cot — — — cos 6 cot — 
2 2 2 2 
b 0 
=—cot — (1 — cos ô aa 
5 T ) (2.35) 


2.10 EELECTROMAGNETIC DISTANCE MEASUREMENT (EDM) 


The EDM equipments which are commonly used in land surveying are mainly electronic or microwave 
systems and electro-optical instruments. These operate on the principle that a transmitter at the 
master station sends modulated continuous carrier wave to a receiver at the remote station from 
which it is returned (Fig. 2.12). The instruments measure slope distance D between transmitter 
and receiver. It is done by modulating the continuous carrier wave at different frequencies and then 
measuring the phase difference at the master between the outgoing and incoming signals. This 
introduces an element of double distance is introduced. The expression for the distance D traversed 
by the wave is 


2D=n4+ 2 A+k ...(2.36) 
where 
@ = the measured phase difference, 


A = the modulated wavelength, 


n = the number of complete wavelength contained within the double distance (an unknown), 
and 


k = a constant. 


To evaluate n, different modulated frequencies are deployed and the phase difference of the 
various outgoing and measuring signals are compared. 


If cq is the velocity of light in vacuum and f is the frequency, we have 


A=— (2.37) 


where n is the refractive index ratio of the medium through which the wave passes. Its value 
depends upon air temperature, atmospheric pressure, vapour pressure and relative humidity. The 
velocity of light cy in vacuum is taken as 3 x 10° m/s. 
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Receiver 





Master 
station Fig. 2.12 
The infrared based EDM equipments fall within the electro-optical group. Nowadays, most local 
survey and setting out for engineering works are being carried out using these EDM’s. The infrared 
EDM has a passive reflector, using a retrodioptive prism to reflect the transmitted infrared wave to 
the master. The distances of 1-3 km can be measured with an accuracy of +5 mm. Many of these 
instruments have microprocessors to produce horizontal distance, difference in elevation, etc. 


Over long ranges (up to 100 km with an accuracy of + 50 mm) electronic or microwave 
instruments are generally used. The remote instrument needs an operator acting to the instructions 
from the master at the other end of the line. The signal is transmitted from the master station, 
received by the remote station and retransmitted to the master station. 


Measurement of Distance from Phase Difference 


The difference of the phase angle of the reflected signal and the phase angle of the transmitted signal 
is the phase difference. Thus, if , and , are the phase angles of the transmitted and reflected 
signals, respectively, then the phase angle difference is 


Ag = 6, — 9, .. (2.38) 
The phase difference is usually expressed as a fraction of the wavelength (A). For example, 
Ad 0° 90° 180° 270° 360° 
Wavelength 0 M4 M2 3/4 À 


Fig. 2.13 shows a line AB. The wave is transmitted from the master at A towards the 
reflector at B and is reflected back by the reflector and received back by the master at A. From 
A to B the wave completes 2 cycles and 1/4 cycles. Thus if at A phase angle is 0° and at B it is 
90° then 


i 
Ag =90° =— 
ý 4 


and the distance between A and B is 


D=24+2 
4 


Again from B to A, the wave completes 2 cycles and 1/4 cycles. Thus if , is 90° at B and 
@, is 180° at A, then 
À 
Do = 90° = — 
? 4 


and the distance between A and B is 
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p=2a+% 
4 


The phase difference between the wave at A when transmitted and when received back is 
180°, i.e., A/2 and the number of complete cycles is 4. Thus 


op =4n+% 
2 
p=3(4a+5) ...(2.39) 
2 2 


The above expression in a general form can be written as 
1 


where 


n = the number of complete cycles of the wave in traveling from A to B and back from B 
to A, and 


Al = the fraction of wavelength traveled by the wave from A to B and back from B to A. 


The value of AA depends upon the phase difference of the wave transmitted and that received 
back at the master. It is measured as phase angle (@) at A by an electrical phase detector built in 


the master unit at A. Obviously, 
A 
aa=|—? 
360° 


Ag = the phase difference 
= 0-9 


In Eq. (3.39), n is an unknown and thus the value of D cannot be determined. In EDM 
instruments the frequency can be increased in multiples of 10 and the phase difference for each 
frequency is determined separately. The distance is calculated by evaluating the values of n solving 
the following simultaneous equations for each frequency. 





where 


1 

Des (n,A, + Ad, ) ...(2.40) 
1 

D= (nA, +AA,) (2.41) 
1 

D= 2 (nA, F A2, ) ... (2.42) 


For more accurate results, three or more frequencies are used and the resulting equations are 
solved. 


Let us take an example to explain the determination of 1, np, nz, etc. To measure a distance 
three frequencies fi, fə, and f} were used in the instrument and phase differences Aà}, AA,, and 


9 99 
AX, were measured. The f, frequency is w” ı and the f} frequency is i007 1. The wavelength 


of f, is 10 m. 
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1 
We know that À œ F 
TEE Aah 
therefore, ~ 
A, fi 
fiaz __fi 
A, =—A,= jg —*10 
f — fi 
10 
100 
= —=11.111m. 
9 
A B A 
Master Reflector Master 
Wave travelling Wave travelling 
<—— from A toB >< from B to. A I 
(Outward) (Inward) 





ao ea a ee oe a 


L 
< 1 cycle >k 1 cycle i ka A cycle 
































< 2% cycle P< 2% cycle —___——_ > 
4% cycle > 
Fig. 2.13 
Similarly, às = a x 10 a = 10,101 m. 
100” 


Let the wavelength of the frequency (fı — fa) be X and that of (fi — f3) be A”, then 





X= fA, = fir =10A, =10x10 = 100 m 


(f,-fo) fi 

10 

” fiñ fiñ 
a= H = 1 = 1004, =100x10 = , 
G=) fi Coe Neste 

100 


Since one single wave of frequency (f; — fs) has length of 100 m, A, being 10 m and A, being 
11.111 m, the fı frequency wave has complete 10 wavelengths and the f, frequency wave has 
complete 9 wavelengths within a distance of 100 m. 

To any point within the 100 m length, or stage, the phase of the (fı — fə) frequency wave 
is equal to the difference in the phases of the other two waves. For example, at the 50 m point 
the phase of f, is (10/2) x 2m = 10m whilst that of fọ is (9/2) x 2m = 9m, giving a difference of 
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10x — 9% = m, which is the phase of the (fi — fọ) frequency. This relationship allows distance to 
be measured within 100 m. This statement applies as well when we consider a distance of 
1000 m. Within distance of 500 m, the f; wave has phase of (100/2) x 2m = 100m, the f} wave 
has (99/2) x 2% = 99m, and the (f; — f3) wave has phase of 100r — 99x = n. If in a similar manner 
further frequencies are applied, the measurement can be extended to a distance of 10,000 m, etc., 
without any ambiguity. 

The term fine frequency can be assigned to f; which appear in all the frequency difference 
values, i.e. (fi — fọ) whilst the other frequencies needed to make up the stages, or measurements 
of distance 100 m, 1000 m, etc., are termed as coarse frequencies. The fy phase difference 
measured at the master station covers the length for 0 m to 10 m. The electronics involved in 
modern EDM instruments automatically takes care of the whole procedure. 

On inspection of Fig. 2.14, it will be seen that two important facts arise: 

(b) When Ah, > AÀ», nı = na (ny = 5, No = 5) 
These facts are important when evaluating overall phase differences. 
Now from Eqs. (2.40) and (2.41), we get 


nA +AA, = n A, +A, 




















nA, +44, = (n,-1, + AA, (2.43) 
From Eq. (3.43) the value of n, can be determined. 
Master Reflector Master 
< > >\« >—>, 
A Z 4 A Ze 6 4 fi, Ai 
PAM K— PAK 
DIN. fo 2 hi 
| M a a Ser ae 9 
Mia o 
Fig 2.14 


Effect of Atmospheric Conditions 


All electromagnetic waves travel with the same velocity in a vacuum. The velocity of the waves 
is reduced when travelling through atmosphere due to retarding effect of atmosphere. Moreover, 
the velocity does not remain constant due to changes in the atmospheric conditions. The wavelength 
A of a wave of frequency f has the following relationship with its velocity V. 


EDM instruments use electromagnetic waves, any change in V will affect à and thus the 
measurement of the distance is also affected because the distance is measured in terms of wavelengths. 


Refractive Index Ratio 


The changes in velocity are determined from the changes in the refractive index ratio (n). The 
refractive index ratio is the ratio of the velocity of electromagnetic waves in vacuum to that in 
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atmosphere. Thus 


c 
n= 
V 
c 
0 
or V=— 
n 


The value of n is equal to or greater than unity. The value depends upon air temperature, 
atmospheric pressure and the vapour pressure. 


For the instruments using carrier waves of wavelength in or near visible range of electromagnetic 
spectrum, the value of n is given by 


273 ¥ p 
-1)= =J Z= 
(n-1)= (n {7 la ...(2.44) 


273 \ p 
N = N, — | — 
( T [#5] ...(2.45) 


p = the atmospheric pressure in millimetre of mercury, 


where 


T = the absolute temperature in degrees Kelvin (T = 273° + tC), 

No = the refractive index ratio of air at 0°C and 760 mm of mercury, 
N = (n — 1) and, 

No = (no — 1). 


The value of np is given by 


(n, — 1) = 287.604 + ea } ea eo ...(2.46) 





where À is the wavelength of the carrier wave in um. 


The instruments that use microwaves, the value of n for them is obtained from 


(n—-1)x10° -28 


—e)+——]| 1+ —— 
) : : (2.47) 


al 5748 


where e is the water vapour pressure in millimetre of mercury. 


Determination of Correct Distance 


If the distance D’ has not been measured under the standard conditions, it has to be corrected. The 
correct distance D is given by 


D =D 7 
=D> ...(2.48) 
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where 
n, = the standardizing refractive index, 
n = the refractive index at the time of measurement. 


The values of n, and n are obtained from Eq. (2.44) taking the appropriate values of p, T, no, 
and e. 


Slope and Height Corrections 


The measured lengths using EDM instruments are generally slope lengths. The following corrections 
are applied to get their horizontal equivalent and then the equivalent mean sea level length. 


The correction for slope is given by Eqs. (2.6) and (2.7) and that for the mean sea level by 
Eq. (2.10). The sign of both the corrections is negative. Thus if the measured length is L’, the 
correct length is 


L=Ľ+ Cg + Gnsi 


_ Al’ 
R 


H \> 
=| cos@-— 
[cos T } ...(2.49) 


6 = the slope angle of the line, 


a = (1 — cos e)re 


where 


H = the average elevation of the line, and 
R = the mean radius of the earth (~ 6370 km). 


2.11 ACCURACY IN VERTICAL ANGLE MEASUREMENTS 


The accuracy, with which a vertical angle must be measured in order to reduce a slope distance 
to the corresponding horizontal distance, can be determined. Accuracy in distances can be expressed 
as absolute or relative. If a distance of 10,000 m is measured with an accuracy of 1 m then the 
absolute accuracy with which the distance has been measured is 1 m. For this case, the relative 
accuracy is 1 m/10,000 m or 1/10,000 or 1:10,000. The relative accuracy is preferred as it does 
not involve the length of lines. 








Fig 2.15 


In Fig 2.15, let the slope distance AB be S and the corresponding horizontal distance be D. 
If a is the slope angle, we can write 


D=S cs Q .. (2.50) 
Differentiating Eq. (2.50), we get 
dD = -S cos Q da (2.51) 
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Dividing Eq. (2.51) by Eq. (2.50) and disregarding the negative sign, the relative accuracy is 
given as 


dD Ssinada 
D — Scosa 





= tanada ...(2.52) 


dD 
where da is a the desired accuracy in measurement of the slope angle o for an accuracy of D in 


linear measurements. 


Example 2.1. A line AB between the stations A and B was measured as 348.28 using a 20 
m tape, too short by 0.05 m. Determine 


the correct length of AB, 
the reduced horizontal length of AB if AB lay on a slope of 1 in 25, and 


the reading required to produce a horizontal distance of 22.86 m between two pegs, one being 
0.56 m above the other. 


Solution: 


(a) Since the tape is too short by 0.05 m, actual length of AB will be less than the measured 
length. The correction required to the measured length is 


C, = 7b 
It is given that 
c = 0.05 m 
l= 20m 
L = 348.28 m 


0.05 
= —— x 348.28 = 
Ç 20 0.87 m 


a 


The correct length of the line 








= 348.28 — 0.87 = 347.41 m 
(b) A slope of 1 in 25 implies that there is a rise of 1 m for every 25 m horizontal distance. 
If the angle of slope is @ (Fig. 2.16) then B 
tan & = 4 
25 í 
A a Im 

1 i 

a= tan“! = 2°17'26” eam > 


. Fig. 2.16 
Thus the horizontal equivalent of the corrected slope 


length 347.41 m is 
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D = AB cosa 
= 347.41 x cos (2°17’26”) = 347.13 m. 


Alternatively, for small angles, œ = 5: radians = 73°17’31”, which gives the same value of 


D as above. 


From Fig. 2.17, we have 





AB =~VAC* + CB? 
B 
= 22.867 +0.562 = 22.87 m Fig. 2.17 


Therefore the reading required 


0.05 
= —— X 22.87 = 22. 
22.87 + 20.0 22.93 m 


Example 2.2. A tape of standard length 20 m at 85°F was used to measure a base line. The 
measured distance was 882.50 m. The following being the slopes for the various segments of the 
line: 























Segment length (m) Slope 
100 2°20 

150 4°12’ 

50 1°06’ 

200 7°48’ 

300 3°00" 

82.5 5°10 








Calculate the true length of the line if the mean temperature during measurement was 63°F and 
the coefficient of thermal expansion of the tape material is 6.5 x 10° per °F. 


Solution: 


Correction for temperature 


c, =alt,, -t )L 


=6.5x10° x (63 -85)x882.50 = — 0.126 m 
Correction for slope 


c, = z|- cos aL} 


= (1- cos 2°20’) 100 + (1 — cos 4°12’) 150+ (1 — cos 1°06’)x 50+ 
(i — cos 7°48’)x 200+ (1- cos 3°00’}x 300 + (1- cos 5°10’) 82.5 
= —3.092 m 
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Total correction = c, +c, = —0.126 + (— 3.092) = — 3.218 m 
Correct length = 882.50 — 3.218 = 879.282 m 


Example 2.3. A base line was measured by tape suspended in catenary under a pull of 145 
N, the mean temperature being 14°C. The lengths of various segments of the tape and the difference 
in level of the two ends of a segment are given in Table 2.2. 

















Table 2.2 
Bay/Span | Length Difference in 
(m) level (m) 
1 29.988 + 0.346 
2 29.895 -0.214 
3 29.838 + 0.309 
4 29.910 — 0.106 











If the tape was standardized on the flat under a pull of 95 N at 18°C determine the correct 
length of the line. Take 


Cross-sectional area of the tape = 3.35 mm? 
Mass of the tape = 0.025 kg/m 
Coefficient of linear expansion = 0.9 x 10° per °C 
Young’s modulus = 14.8 x 104 MN/m? 
Mean height of the line above M.S.L. = 51.76 m 
Radius of earth = 6370 km 
Solution: 
It is given that 


Po = 95 N, P= 145 N 

ty = 18°C, t„ = 14°C 

A = 3.35 mm’, @= 0.9 x 10° per °C 
w = mg = 0.025 x 9.81 kg/m 


r ,  148x10* x10° r 3 r 
E = 14.8 x 10° MN/m* = — wo N/mm’ = 14.8 x 10° N/mm 
H = 51.76 m, R = 6370 km 
Total length of the tape L = 29.988 + 29.895 + 29.838 + 29.910 = 119.631 m 
Temperature correction 
G; =alt,, —ty )L 
= 0.9 x 10% x (14 — 18) x 119.631 = — 0.0004 m 


Pull correction 
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(145-95) 119.631 
~  3,35x14.8x104 


2 
1 

Cc, =- ki L 
a(r) 


2 2 3 2 
Ly Is.) I liy 
SER A aT pa hi W's E wia L, 
24| P 24| P 24| P 24| P 


2 
w 


Se (2 +22 +12 +723) 





= 0.0121 m 


Sag correction 


OQ 





2 
re Cte (29.988? + 29.895? + 29.838? + 29.910° ) 


24x 145° 
= — 0.0128 m 
Slope correction 
h? 


c, =-— 
2L 


1 | 0.3467 0.214? 0.309? 0.1067 
aX + + + 
2 | 29.988 29.895 29.838 29.910 





= — 0.0045 m 
M.S.L. correction 
HL 
Cmi 57 p 
R 
51.76x119.631 0.0010 
~~ 6370x1000. 
Total correction = C, +C, +C, +C, Cms 
= — 0.0004 + 0.0121 — 0.0128 — 0.0045 — 0.0010 = — 0.0066 m 
Correct length = 119.631 — 0.0066 = 119.624 m 


Example 2.4. It is proposed to widen a highway by increasing the gradient of the side slope 
to 1 in 1.5. The difference in level between the bottom and top of the embankment at a critical 
section was measured as 15.0 m. The length of the embankment along the side slope was measured 
as 29.872 m using a steel tape under a pull of 151 N at a temperature of 27°C. Determine the 
additional road width which will be available with the new slope. 
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The tape was standardized on the flat at 18°C under a pull of 47 N. The cross-sectional area 
of the tape is 6.5 mm’, E = 20.8 x 104 MN/m? and @ 


= 1.1 x 10° per °C. 
Solution: 


Temperature correction 
C= alt,, ~ to )L 


= 1.1 x 10° x (27 — 18) x 29.872 = 0.0030 m 
Pull correction 


(P-P); 
AE 





Cy 


(151 — 47) x 29.872 


= 0.0023 m 
10° 
6.5 x 20.8 x10 area 





Total correction to the measured slope length L = 0.0030 + 0.0023 = 0.0053 m 
Correct slope length L’ = 29.872 + 0.0053 = 29.877 m. 


h? 
To determine the equivalent horizontal distance x (Fig. 2.18), the approximate formula —— 


given by Eq. (2.7), should not be used. This will induce a very significant error on the steep slopes 
for small values of h. Instead directly the Pythagoras’s theorem should be used. 





x= VL? -h? = 429.877? -15? 











= 25.839 m _ Proposed slope ; 
The existing slope awe a 
lin lS. ; 
-_15 _ 1 wo 
29.877 (22871) es 
15 
Fig. 2.18 
1 


= or 1in2 (ie, n= 2 
7 ( n ) 


Now the additional road width d is obtained as below. 





d+x = L3 
15 1 
d=15xX1.5—25.839 = 3.34 m 


Example 2.5. A tape of 30 m length suspended in catenary measured the length of a base line. 
After applying all corrections the deduced length of the base line was 1462.36 m. Later on it was 


found that the actual pull applied was 155 N and not the 165 N as recorded in the field book. 
Correct the deduced length for the incorrect pull. 
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The tape was standardized on the flat under a pull of 85 N having a mass of 0.024 kg/m 
and cross-sectional area of 4.12 mm”. The Young’s modulus of the tape material is 152000 


MN/ m° and the acceleration due to gravity is 9.806 m/s”. 


Solution: 
It is given that 


Pa = 85 N, P= 165 N, P= 155 - 165 =- 10 N 
152000x10° i i 

E = ~o N/mm‘ = 152000 N/mm 

W = 0.024 x 9.806 x 30 = 7.060 kg per 30 m 

A = 4.12 mm? 

g = 9.806 m/s” 

Nominal pull correction = @-B), 
P Z AE 


(165 —85)x 30 
= ~~~ = (,0038 m per 30 m 


4.12 152000 


Nominal i Boe eo 
ominal sag correction 24| P 


2 
A A0 36 
24° 165 


= —0.0023 m per 30 m 


From Eq. (2.14), we have 
nominal pull correction SP 
P-P 





Error in pull correction 


_ 0.0038 


= x1 
165-85 





= 0.0005 m per 30 m 
Since the sign of the correction is same as that of 6P , the correction will be 
= —0.0005 m per 30 m 


1462.36 
for the whole length 





= —0.0005 x 


= —0.0244 m 
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From Eq. (2.15), we have 


Error in sag correction = nominal sag correction X | P 


26P ) 


Since the sign of this correction is opposite of the sign of òP, the correction of pull error in 
sag 


= +(— 0.0023) 





2x10 
i per 30 m 


= 9.9023 2% 10, 1462.36 
165 30 





for the whole length 


= -0.0136 m 


Thus the total sag correction was too small by 0.0136 m. The length of the line has, therefore, 
been overestimated because the pull correction (too large) would have been added to the measured 
length, since (P > Po), whilst the sag correction (too small ) would have been subtracted. 


Therefore, overestimation = 0.0244 + 0.0136 
= 0.0380 m 
The correct length of the line 
= 1462.36 — 0.0380 = 1462.322 m 


Example 2.6. The depth of a mine shaft was measured as 834.66 m using a 1000 m steel tape 
having a cross-section of 10 mm? and a mass of 0.08 kg/m. Calculate the correct depth of the mine 
shaft if the tape was standardized at a tension of 182 N. The Young’s modulus of elasticity of the 
tape material is 21 x 10* N/mm? and g = 9.806 m/s”. 


Solution: 
The elongation in the tape hanging vertically is given by Eq. (2.17), is 


p= |" bio 
AE| 2 g 


It is given that 
Po = 182 N, / = 1000 m, x = 834.66 m 
9.806 m/s’, E =21 x 104 N/mm? 





g = 

A = 10 mm’, m = 0.08 kg/m, M = 0 
P = 2 SESS O88 (21000 -834,66)+0 - 182 l 
* 10x21x10" | 2 9.806 


= 0.109 m 
Therefore the correct depth of the shaft 

= 834.66 + 0.109 

= 834.77 m. 
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Example 2.7. To determine the distance between two points A and B, a tacheometer was set 


up at P and the following observations were recorded. 


or 


(a) Staff at A 
Staff readings = 2.225, 2.605, 2.985 
Vertical angle = + 7°54’ 

(b) Staff at B 
Staff readings = 1.640, 1.920, 2.200 
Vertical angle = — 1°46’ 

(c) Horizontal angle APB = + 68°32’30” 


Elevation of A = 315.600 m 
k = 100 m 
c = 0.00 m 


Determine the distance AB and the elevation of B. 
Solution: 
The horizontal distance is given by D = ks cos" 


If the horizontal distances PA and PB are D, and Dp, respectively, then 
D, =100x (2.985 — 2.225)x cos? (7°54’) = 74.564 m 
D, =100x (2.200 —1.640)x cos? (I°46’) = 55.947 m 
Now in AAPB if APB is 0 and the distance AB is D then 


D? = D} + Dz — 2D4Dps cos 0 
= 74.564 + 55.947 — 2 x 74.564 x 55.947 x cos (68° 32/30”) 
= 5637.686 


D = 75.085 m 
(ii) The vertical distance V is given by 


V= 2 ks sin 2a 
2 
If the vertical distances for the points A and B are V, and Vz, respectively, then 


V; = 5 x100x0.760xsin(2x7°54')= 10.347 m 


Vp = Z x100x0.560xsin(2x146')=1.726 m 


The elevation of the line of sight for A is 
H.I. = Elevation of A + middle hair reading at A — V, 
= 315.600 + 2.605 — 10.347 
= 307.858 m. 
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The elevation of B is 


hg = H.I. — Vz, — middle hair reading at B 


= 307.858 — 1.726 — 1.920 


= 304.212 m. 
from station A. 


Example 2.8. The following tacheometric observations were made on two points P and Q 














Table 2.3 
Staff at | Vertical angle Staff reading 
Upper Middle Lower 
P — 5°12’ 1.388 0.978 0.610 
Q + 27°35 1.604 1.286 














0.997 
The height of the tacheometer at A above the ground was 1.55 m. Determine the elevations 


of P and Q if the elevation of A is 75.500 m. The stadia constant k and c are respectively 100 and 

0.00 m. Assuming that the standard error in stadia reading is + 1.6 mm and of vertical angle + 1.5’, 

also calculate the standard errors of the horizontal distances and height differences. 
Solution: 





(2.21) and (2.22), we have 


Since the vertical angles are given, the line of sights are inclined for both the points. From Eqs 
H = ks cos’ a 


...(a) 
ee 
V =—kssin 20 
2 
The given data are 


...(b) 
s, = (1.388—0.610)=0.778m, a, =5°12’ 


s, =(1.604—0.997)=0.607 m, @, =27°35’ 
Therefore the distances 
H „p =100x0.778xcos?(5°12’)=77.161m 
1 . a 
Vap = 5%100x0.778xsin(2x5 12’)= 7.022 m 
H 49 =100X0.607 x cos” (27°35’)= 47.686m 


Vag = =X 100% 0.607 x sin (2 x 27°35’)= 24.912m 
The height of the instrument 


H.I. = Elevation of A + instrument height 
= 75.500 + 1.55 = 77.050 m 
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Elevation of P 
hp = H.I. — Vap — middle hair reading at P 
= 77.050 — 7.022 — 0.978 
= 69.050 m 
Elevation Q 
Hg = H.I. + Vg — middle hair reading at Q 
77.050 + 24.912 — 1.286 
100.676 m. 


To find the standard errors of horizontal and vertical distances, the expressions (a) and (b) are 
differentiated with respect to staff intercept (s) and vertical angle (œ), as the distances are influenced 
by these two quantities. It is assumed that the multiplying constant k is unchanged. 


oH = kcos? & 
Os 
oH = —2ks cos asin a = —ks sin 20 
0a 
ov i1.. 
—=—ksin2a 
J 2 ...(c) 
ov = | ks(cos2a) x 2 = ks cos2a ...(d) 
oa 2 
Thus the standard error in horizontal distance 
eles | Og 
H as s dJa a oe .(e) 
and the standard error in vertical distance 
EL i +(%o i f 
" os da | elt) 


where O, and oO, are the standard errors of stadia reading and vertical angle, respectively. 


In obtaining the staff intercept s at a station, two readings are involved and the standard error 
in one stadia reading is + 1.6 mm, thus the standard error ©, of s is calculated as 


o =0} +02 = 16 +16 =5.12 mm? 


The standard error oj, of vertical angle measurement at a station is + 1.5’, therefore 


2 
o? =(1.5} (o) = (4.3633x10* Ý 
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Now from Fig. 2.19, the difference in elevation between two points, say, A and P, is 
hp =h,+h,-V-Sy 
or h,-hp =h=V+Sy -hi sealg) 
where 


Sy = the middle hair reading, and 


h; = the height of the instrument above the 
ground. 


Assuming h; as constant, the value of h will be 
affected due to errors in V and Sj. Thus the standard 
error of h is given by Fig. 2.19 


S 3 W g l 
n =| zy” 3S, Se ...(h) 


From Eq. (g), we get 











oh _ 1 oh 
3v z and J Su 


CA ARR A 
"tas | © loa] *% 


ƏV oV 
Substituting the value of Ae and Ja from Eq. (c) and (d), we get 
s 





From Eq. (f), we get 


2 
1 : 2 2? 9 
os = [esi 2a) o? +(kscos2a)o2 


o: =1.6° =2.56 mm? 


2 
2 1 . 2 
Thus of [zen 2a) o; + (kscos2a} o3 +05, 


and from Eq. (e), we have 
g= (k cos? a) o? + (kssin 2a)’ o? 
Between A and P 


2 


o?, =(100xcos? 5°12’) x5.12 + (100x0.778x1000x sin(2x5°12)} x (4.3633x107) 
= 50399.9 mm? 
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Oy = + 224.5 mm = + 0.22 
l 2 
07 = (4 x 100 x sin (2 x 12)] x 5,12 + (100 + 0.778 x 1000 x cos (2 x 5°12) 


x (4.3633 x 10“) + 2.56 


= 1534.5 mm? 
O, = + 39.2 mm = + 0.039 mm 


Between A and Q 
2 


o2, =(100xcos? 27°35’) x5.12 + (100 0.607 x 1000 sin(2 x 27°35’)) x(4.3633x10%) 


= 32071.2 mm? 
Oy = + 179.1 mm = + 0.18 m 


2 
o? = [$1 00%sin (2x 27°35) x 5.12 + (100 + 0.607 x 1000 x cos (2 x 27°35’), 
2 


x (4.3633 x 104) + 2.56) 


= 8855.3 mm? 
O, = + 94.1 mm = + 0.09 m. 
Example 2.9. The following tacheometric observations were made from station A to stations 
1 and 2. 


Table 2.4 


N 1 96° 55’ 1.388 0.899 0.409 
2 122°18’ 1.665 1.350 1.032 























Calculate the errors in horizontal and vertical distances if the staff was inclined by 1° to the 
vertical in the following cases: 

(a) Staff inclined towards the instrument for the line A-1. 

(b) Staff inclined away from the instrument for the line A-2. 

The height of the instrument above ground was 1.52 m. Take stadia constants as 100 and 0.0 m. 

Solution: 

Let us first calculate the vertical angles from the zenith angles and the staff intercepts. 

For the line A-1 

a, = 90° — 96°55’ = — 6°55’ 

1.388 — 0.409 = 0.979 m 


Sy 
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For the line A-2 
a, = 90° — 122°18” = — 32°18’ 
Sy = 1.665 — 1.032 = 0.633 m 
For the line A-1 
The apparent horizontal distance from Eq. (2.21) when the staff is truly vertical, is 
D’ = ks, cos? œ =100x 0.979 x cos? 6°55’ = 96.48 m 
The correct horizontal distance D when the staff is inclined, is obtained from Eq. (2.29) by 
sı cos (a + 8) 


replacing in the above expression s, by . Thus 
cos & 
cos (a+ 6 
D=ks, cos (a +3) cos’ & = ks cos (a + 8) cos a 
cos & 
= 100 x 0.979 x cos (6°55 + 1°) x cos 6°55 
= 96.26 m 
Therefore error = D — D 


= 96.48 — 96.26 = 0.22 m = 1 in 436 (approximately). 
The apparent vertical distance from Eq. (2.22) is 


V'= ss sin(2a)= > 100 0.979 x sin(2x 6°55’)=11.70 m 


The correct vertical distance is 


ie 100 x 0.979 x cos (6°55 + 1°) x sin (2 x 6°55’) 








y= 1 A cos (a + 8) sin (202) = 
2 cos Q 2 cos (6°55) 
= 11.68 m 
Therefore, error =V -V 


= 11.70 — 11.68 = 0.02 m = 1 in 584 (approximately). 

For the line A-2 
The apparent horizontal distance is 

D’ =100x0.633x cos? 32°18’) = 45.23 m 
When the staff is inclined away from the instrument the correct horizontal distance from Eq. 

(2.30), is 
D=100x0.633x cosl32°18' -1° )x cos(32°18’) 
= 45.72 m 


Therefore error = D’ — D 
= 45.23 — 45.72 = 0.49 m = 1 in 93 (approximately). 
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The apparent vertical distance is 
v= > x 100 x 0.633 x sin (2 x 32°18’) = 28.59 m 


The correct vertical distance is 

1 |, 100 x 0.633 x cos (32°18 —1°) x sin (2 x 32°18’) 
2 cos (32°18’) 

= 28.90 m 


V= 





Therefore error = V — V 
= 28.59 — 28.90 = 0.31 m = 1 in 93 (approximately). 


Example 2.10. In Example 2.9, if the elevation of the point 1 is 115.673 m, determine the 
correct elevation of the point 2. The height of the instrument above ground is 1.52 m. 


Solution: 
Let h,, hy = the elevations of the points 1 and 2, 
Si, Sa = the middle hair readings at the points 1 and 2, 
Vi, V) = the vertical distances for the points 1 and 2, and 
h; = the height of the instrument above ground. 
The height of the instrument above the mean sea level at A is 
HI. = h, + h,+ S,+ V 
115.673 + 1.52 + 0.899 + 11.68 


= 129.772 m 
The elevation of the point 2 is 
hy = H.I.—V, +S, 
= 129.772 — 28.90 — 1.350 
= 99.522 m. 


Example 2.11. To measure a line AB, a theodolite was set up at A and a subtense bar of length 
2 m was set up at B. The horizontal angle measured at A for the subtense bar targets was 
4°02’26.4”. 

Determine the length of AB, 


the fractional error in the length AB if the horizontal angle was measured with an accuracy 
of + 1.5”, and the error in AB if the subtense bar was out by 1° from being normal to AB. 


Solution: 


Horizontal distance in subtense tacheometry is given by 


Apa? ae! 
2 2 





= x cot 
2 


o 2 iA 
2.0 ($ 02264 ) fe es 
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The error in distance AB is 





2 
db =-? a0 
b 
_ 28.348" 1.5” 
2 206265 
= 0.003 m (neglecting the sign). 
The fractional error is 
_daD_ 1 _ _, 
=a dD = 1 in 9449 
D 


The error in horizontal distance due to the bar not being normal to AB, is given by 


AD = m Ms (1-cos 8) 
2 2 


Z x cot (£021) x(1— cos 1°)= 0.004 m. 


Example 2.12. A line AB was measured using EDM. The instrument was set up at P in line with 
AB on the side of A remote from B. The wavelength of frequency 1 (f1) is 10 m exactly. Frequency 
2 (fa) is (9/10) f, and that of frequency 3 (f3) is (99/100) f,. Calculate the accurate length of AB that 
is known to be less than 200 m, from the phase difference readings given in Table 2.5. 








Table 2.5 

Phase difference (m) 
Line 

fi f Íz 





PA 4.337 7.670 | 0.600 
PB 7.386 1.830 | 9.911 

















Solution: 


In Sec. 2.11.1, we have found out that 
A, = 11.111 m 
A, = 10.101 m 
From Eq. (2.43) for the line PA, we have 


An + AA, =A,n, + AA, 
10n, + 4.337 =11.111n, +7.670 
Since AA, < AÀ, 


n =n,+1 


SURVEYING 


52 
or n =n, —-1 

Thus 10n, + 4.337 =11.111(n, -1l) +7.670 
or n=7 


This calculation has removed any ambiguity in the number of complete wavelengths of fi 
frequency lying within the 0 to 100 m stage. 
Now considering f} frequency which when related to f) gives the 0 to 1000 m stage. Let 


ni be the number of complete wavelengths of fy and n, be that of f}, then 
10n; + 4.337 = 10.101n, + 0.600 


Since AA, > AA, 


z 


Bg 
10n; + 4.337 = 10.101n; + 0.600 


or n= 37 
Thus there are 37 complete wavelengths of f, within the distance of PA. 


Therefore from Eq. (2.40), we get 
2PA = 37 x 10 + 4.337 = 374.337 m 


For the line PB, we have 


10n, + 7.386 =11.111n, +1.830 


Since AA, > AA, 
fj =n, 
or n, =5 
Again 107; + 7.386 =10.101n, +9.911 
Since Ad, < AA, 
n =n, +1 
or nm =75 
Therefore, 2PB = 75 x 10 + 7.386 = 757.386 m 
Thus AB = = 


_ 757.386 — 374.337 
2 


= 191.525 m. 
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Example 2.13. The following observations were made to measure the length of a base line AB 
using an EDM instrument. 


Measured distance = 1556.315 m 
Elevation of instrument at A = 188.28 m 
Elevation of reflector at B = 206.35 m 
Temperature = 24°C 
Pressure = 750 mm of mercury 

Calculate the correct length of AB and its reduced length at mean sea level. 
Take n, = 1.0002851, nọ = 296 x 10% and R = 6370 km. 
Solution: 
From Eq. (2.44), we have 


hate PLE 


(n—1)=296x10° *{ ars 20 | 700] 


273 +24 | 760 


or n = 1.0002685 
From Eq. (2.48), we have 


I| Ns 
n 


p=1556315x T 0026S 


om = 132024 ae 


From Eq. (2.49), the correct length of AB is 


= cos 0-2) Ẹ 
R 


` (206.35 — 188.28 
0 = sın = 
1556.341 
=0°39'54.9” 


(188.28 + 206.35) 
2x 6370x1000 





Therefore, = [cosso'sas") = 


= 1556.188 m. 


Example 2.14. The slope distance between two stations A and B measured with EDM when 
corrected for meteorological conditions and instrument constants, is 113.893 m. The heights of the 
instrument and reflector are 1.740 m and 1.844 m, respectively, above the ground. To measure the 


Jisses 
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vertical angle a theodolite was set up at A, 1.660 m above the ground and a target at B having height 
above the ground as 1.634 m. The measured angle above the horizontal was + 4°23’18”. Determine 


(a) The horizontal length of the line AB. 

(b) To what precision the slope angle be measured 

(c) if the relative precision of the reduced horizontal distance is to be 1/100000. 
(d) if the reduced horizontal distance is to have a standard error of + 1.8 mm. 
Solution: 


If the heights of the instrument and the target are not same, a correction known as eye and 
object correction is required to be determined to get the correct vertical angle. In Fig. 2.20a, the 
observed vertical angle is œ. If the correct vertical angle o and the correction to œ is B then 


a =at+B 


While measuring the distance as shown Fig. 2.20b, the height of the EDM and the reflector 
should also be same and the inclination of the line of sight due to height difference between the 
EDM and the reflector, a correction of f is to be applied to the slope angle 6, to make the line of 
sight inclined at œ + B to the horizontal. 


Reflector 










Target Line of sight and 
ji measured length 





Parallel to 4B 0.104 A 
_ Line of sight N iT 0.026m ~~ Parallelto AB : os 
Theodolite N Fo aa a ee À 1844m 
ag 1.634 m aaae 1.740 m 
NOC EDM yg g 4 


(a) (b) 
Fig. 2.20 


From Fig. 2.19a, we have 


_ 1.660—1.634 _— 0.026 
113.893 113.893 





B 


radians 


0.026 
113.893 





x 206265” = 47.1” 


From Fig. 2.19b, we have 


_ 1.844-1.740 _ 0.104 
113.893 113.893 





radians 


_ 0.104 
113.893 





x 206265” = 308.4’ 
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The correct slope angle 


@=a+BPh+Y 
= 4923/18” + 47.1” + 308.4” 
= 4°2713.5” 
Therefore the horizontal distance 
L= Ľ cos 0 
= 113.893 x cos 4°2713.5” 
= 113.549 m. 
We have L= Ľ' cos ð 
dL =- Ľ' sin 8 dð ...(a) 


The negative sign in the above expression shows decrease in L with increase in d0. Thus the 
relative accuracy 





dL = L’ sin 8 d 
L  Ľ cos® 
= tan@.d0 
dL 1 
It is given that T = 100000 ° 
therefore, 
100000 = tan 4°27/13.5” x d0 
or d® = 0.000128 radians 
= 0.000128 x 206265” 
= 26” 


It is given that 
dL = + 1.5 mm, 


therefore, from Eq. (a), we get 


0.0015 =113.893x sin 4°27/13.5” x d@ 
dð = 0.000169 radians 

0.000169 x 206265” 

+ 35”. 
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SURVEYING 


OBJECTIVE TYPE QUESTIONS 


A metallic tape is 

(a) a tape made of any metal. 

(b) another name of a steel tape. 

(c) another name of an invar tape. 

(d) is a tape of water proof fabric into which metal wires are woven. 
Spring balance in linear measurements is used 

(a) to know the weight of the tape 

(b) to apply the desired pull. 

(c) to know the standard pull at the time of measurement. 

(d) none of the above. 

Ranging in distance mesurements is 

(a) another name of taping. 

(b) a process of establishing intermediate points on a line. 

(c) putting the ranging rod on the hill top for reciprocal ranging. 

(d) a process of determining the intersectoion of two straight lines. 
Reciprocal ranging is employed when 

(a) the two ends of a line are not intervisible. 

(b) one end of a line is inaccessible. 

(c) both the ends are inaccessible. 

(d) the ends of the line are not visible even from intermediate points. 


The following expression gives the relative accuracy in linear measurements when the slope angle 
is æ. 


dD dD > 

— = tan 20.da. — = tan a.da. 
@ p D p 

dD dD 

— = 2 tan a.da. — = tan o.da. 
© D a p 


If the slope angle 64°08’07” is measured to an accuracy of 10” the expected relative accuracy in 
the linear measurements is 


(a) 1/10. (b) 1/100. 

(c) 1/1000. (d) 1/10000. 

The temperature correction and pull correction 

(a) may have same sign. (b) always have same sign. 
(c) always have opposite signs. (d) always have positive sign. 


The sag corrections on hills 
(a) is positive. (b) is negative. 


(c) may be either positive or negative. (d) is zero 
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9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


The correction for reduced length on the mean sea level is proportional to 
(a) H. (b) H°. 

(c) WH. (d) 1/2H. 

where H is the mean elevetion of the line. 


If the difference in the levels of the two ends of a 50 m long line is 1 m and its ends are out 
of alignment by 5 m then the corrections for slope (c,) and alignment (c,,) are related to each 
other as 


(a) c,= 4c, (b) c,=0.4c,,. 

(c) c,=0.04c,,. (d) c,=0.004c,,.. 

Stadia is a form of tacheometric mesurements that relies on 

(a) fixed intercept. (b) fixed angle intercept 
(c) varying angle intercept (d) none of the above. 


The tacheometric method of surveying is generally preferred for 
(a) providing primary control. (b) large scale survey. 
(c) fixing points with highest precision. (d) difficult terrain. 


If two points A and B 125 m apart, have difference in elevation of 0.5 m, the slope correction to 
the measured length is 


(a) +0.001 m. (b) 0.001 m. 
(© +0.0125 m. (d) 0.001 m. 


The branch of surveying in which an optical instrument is used too determine both horizontal 
and vertical positions, is known as 


(a) Tachemetry. (b) Tachometry. 
(c) Tacheometry. (d) Telemetry. 


If the vertical angle from one station to another 100 m apart, is 60°, the staff intercept for a 
tacheometer with k = 100 and c = 0, would be 


(a) 1. (b) 4. 

(c) 5. (d) 0.1. 

Electronic distance measurement instruments use 

(a) X-rays. (b) Sound waves. 
(c) Light waves. (d) Magnetic flux. 


Modern EDM instruments work on the principle of measuring 

(a) the reflected energy generated by electromagnetic waves. 

(b) total time taken by electromagnetic wave in travelling the distance. 

(c) the change in frequency of the electromagnetic waves. 

(d) the phase difference between the transmitted and the reflected electromagnetic waves. 
The range of infrared EDM instrument is generally limited to measuring the distances 

(a) 2to3 km. (b) 20 to 30 km. 

(c) 200 to 300 km. (d) more than 300 km. 
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19. Electromagnetic waves are unaffected by 
(a) air temperature. 
(b) atmospheric pressure. 
(c) vapour pressure. 
(d) wind speed. 


ANSWERS 
1. (d) 2. (b) 3. (b) 4. (a) 5 (d 6. (d) 
7. (a) 8. (b) 9. (a) 10. (c) 11. (b) 12. (d) 
13. (b) 14. (c) 15. (b) 16. (c) 17. (d) 18. (a) 


19. (d. 


